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Abstract: In the present paper, the cladistics method is used to analyze the phylogenetic relationship of 16 genera 
of Tinginae (Hemiptera; Heteroptera: Tingidae) from northern China. 33 characters with 88 states were chosen based on 
the morphological comparison. The character matrix was formed through ingroup and outgroup analysis and computed using 
the computer programs MacClad (version 3.0.1), AutoDecay {version 3.0), PAUP (version 3.1.1) and Hennig 86 (ver- 
sion 1.5), and the same most parsimonious tree and Nelson consensus cladogram were obtained from both computation to 
explain the phylogenetic relationship among the genera (L= 118, CI 2 0.454, RI =0.529). We categorized these genera 
involyed in the analysis phylogenetically into 6 groups according to the results. They are Agramma group, Leptoypha 
group, Dictyla group, Catoplatus group, Physatocheila group and Derephysia group. The phylogenetic relationship among 
the involved genera is presented as (((((Derephysia group = (Lasiacantha, (Acalypta , (Galeatus, ( Dictyonote , 
(Derephysia, Sphaerista ))))), Physatocheila group = (( Elasmotropis, Tingis), (( Oncochila, Cochlochila ), 
Physatocheila ))) Catoplatus group = Catoplatus ). Dictyla group = ( Monosteira, Dictyla )), Leptoypha group = 
Leptoypha), Agramma group = Agramma). These groups will not be regarded as higher classific taxa until more genera 
and data are available and further analysis are carried out. 
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Phylogenetic systematics paid more attention to re- 
1 Introduction ip dl 7 i 


lationship among groups of insects based on best gener- 


Tingidae is a medium large family in Heteroptera. 
Át present, it has about 1900 species, 250 genera 
and 3 subfamilies (Schuh & Slater, 1995). In China, 
two subfamilies Cantacadinae and Tinginae, have been 
recorded with approximately 150 species in about 50 
genera (Jing & Xiao, 1980; Jing, 1981; Nonnaiz- 
ab, 1983, 1984, 1985; Nonnaizab & Liu, 1988; 
Qi, 1991, 1993, 1996; Qi & Nonnaizab, 1989, 
1990, 1995; Qi & Zhou, 1994), As to northern 
China, we have worked on this group for a long time 
and up to now more than 50 species within 20 genera 


only in Tinginae have been found in this area. 
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al classifications rather than to classification itself. Its 
aim is to attempt to recover history of speciation and or- 
der it into system of words that makes this history com- 
prehensible, i. e. reconstructing phylogenetic rela- 
tionship (Hennig, 1966; Wiley, 1981). 
Classification of Tingidae has been done a lot by 


taxonomists from different regions all over the world 


( Wagner, 1941; Pendergrast, 1957;  Stusak, 
1958; Drake & Davis, 1959; Drake & Ruhoff, 
1965; Golub, 1977a, 1977b, 1982, 1994a, 


1994b, 1995, 1998; Jing, 1981; Pericart, 1983; 
Schuh & Slater, 1995; Nonnaizab & Liu, 1988; 
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Tomokuni, 1987; Qi, 1991, 1993, 1996; Qi & 
Nonnaizab, 1989, 1990, 1995; Qi & Zhou, 1994; 
Aukema & Rieger, 1996; Chumakov et al., 1997), 
but phylogenetic relationship within Tingidae is rarely 
known. The only work was that about some species of 
East Asiatic (Lee, 1969). Here we contributed our 
attempts on phylogenetic analysis on some genera in 
Tinginae from northern China using cladistic method 
and show their phylogentic relationship reconstruction , 
This is one of only a few of cladistic attempts in Tingi- 
dae. 


2 Methods and Materials 


Ingroup involved in this analysis includes 16 gen- 
era of Tinginae from northern China. One or more rep- 
resentative species of each genus were used in charac- 
ter observation and diagnosis. They are Agramma 
Stephens (A. ruficorne , À . neimongolicum , A . laetum , 
A.femorale, A. atricapillum , A. abruptifrons ); Lep- 
toypha Stal ( L.capitata ); Derephysia Spinola 
(D .foliacea ); Sphaerista Kiritshenko ( 5. paradoxa ) ; 
Dietyonota Curtis [ D. (s.str.) pulchricornis, D. 
(s.str.) dlabolai, D. ( kalama) iricornis |; Galeatus 
Curtis ( G . decorus , G . affinis , G . spinifrons , G . cellul- 
aris, G . scrophicus , G . inermis ) ; Acalypta Westwood 
(A . cooleyi ) : Lasiacantha Stal ( L . gracilis , L . haplop- 
hylli; L.kaszabi ); Elasmotropis Stal ( E . distans ); 
Tingis Fabricius [ T .(N.) nigra, T.(N.) pilosa, T. 
(s.str.) deserta, T. (s.str.) pusilla, T. (s.sr.) 
robusta }; Oncochila Stal ( O . scapularis); Catoplatus 
Horvath ( C . citrinus ) ; Physatocheila Fieber (P . dum- 
etorum ); Cochlochila Stal ( C . lewisi ); Monosteira 
Costa (M . discoidalis ) and Dictyla Stal ( D . montand- 
oni , D . platyoma , D . subdola , D . echii ). Cantacader 
(Cantacaderinae ) was chosen to be outgroup. Dry 
specimens were used. We chose 33 characters and 88 
states. The characters were observed under Motic 
Stereomicroscope and Olympus optical microscope , and 
characters of microstructures of sensory organs on body 
surface were observed under S - 520 SEM made in 
Japan (Qi et al., 1996). Character polarizations were 
made through ingroup and outgroup analysis methods 
(Watrous & Wheeler, 1981; Maddison et al., 1984; 


Dawei, 1996). Multistates characters were defined as 
ordered based on diagnosis. Data were analyzed by 
computer program MacClade (version 3.0.1), PAUP 
(version 3.1.1) and AutoDecay (version 3.0) li- 
censed by Dr. David Yeates, Department of Entomolo- 
gy, the University of Queensland, Australia, and execut- 
ed on Macintosh Centris 650 computer. The data ma- 
trix was also processed using program Hennig 86 ( ver- 
sion 1.5) on IBM PC 586. 


3 Characters and Diagnosis 


With genus Contacader as outgroup we made the 
character diagnosis for 16 genera of Tinginae based on 
following aspects of the bugs. 

Head; The lst segment of antenna is variable a- 
mong the genera in length and it is a general character 
in tingids that the 2nd segment is always the shortest. 
The 1st and 2nd segments spherically specialized, an- 
tennal base nodule-like, obtuse or spine-like are apo- 
morphies. Ántenna surface granular and with seta is al- 
so apomorphy (genus Dictyonota ). Cantacaderinae 
bucculae developed. So bucculae long and narrow is 
apomorphy (genera Galeatus, Sphaerista, Oncochi- 
la). The rostrum of Cantacaderinae is longer than that 
of Tinginae in average, so rostrum only reach to 
mesosternum is also apomorphy . 

Pronotum and Thorax; Cantacaderinae pronotum 
without hood or hood very small and low, the anterior 
margin slightly concaved. So hood developed, house- 
ridge-like (genera Cochlochila , Acolypta , Derephysia , 
Galeatus, Elasmotropis ), reversed-bell-like ( genera 
Physatocheila, Oncochila, Tingis), or sphere-like 
(genera Lasiacantha , Sphaerista) are apomorphies . 

Tinginae is far advanced than Cantacaderinae in 
these characters such as body with sorts of laminar pro- 
jections and pronotum and hemelytra with expanded 
structures. Median carina of pronotum high, folia- 
ceously expanding, lateral carinae elevated upwards 
and inflected (genus Galeatus), paranotum small foli- 
aceous (genus Monosteira ), paranotum broad and 
flexed upwards (genera Derephysia ， Galeatus, Lasia- 
cantha , Sphaerista ,  Elasmoiropis,  Dictyonota , A- 
calypta, Tingis), reflexed above the pronotum 【gen- 
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era Dictyla, Oncochila, Physatocheila ), or conchate 
(genus Cochlochila ), cell vein thick, cell large, 
membranous area narrow and long, rostral groove 
deep, lateral carinae developed are all apomorphies. 

The costal area of fore wing broad and expanded, 
subcostal area and discoidal area specialized are apo- 
morphies. Scent gland groove and margin are always 
developed in tingids, Scent gland groove and margin 
vestigial is apomorphy ( genera Galeatus , Spheerista ) . 
Femur and tibia specialized are apomorphies . 

Abdomen: The posterior lobe of female 1st gono- 
coxopodite is always extended backwards in tingids and 
it is very long in genus Cantacader, so its short ap- 
pearance is apomorphy (genera Agramma, Lasiacan- 
tha, Galeatus, Leptoypha, Tingis, Elasmotropis ) . 
The dorsal surface of pballus of tingids has a Y-shape 
sclerite just before the articulatory apparatus, and the 
tubular portion is surrounded by a ring-like sclerite. 
Except the sclerites mentioned above, the most portion 
of phallus are membranous named endosoma. Endoso- 
ma, middle portion of phallotheca and tubular portion 
of phallus with sclerotized structures are apomorphies. 
The base of paramere thick and the middle portion 
broad are apomorphies. 

Body surface: The surface of body with pubesce- 
nce and granule is apomorpby. Sensory structure com- 
plicated is apomorpby. 

Through the diagnosis above, we chose following 
33 apomorphies for the cladistic analysis; @ Antennal 
base nodule-like, obtuse or spine-like; @The 1st and 
2nd segments specialized; @)Antenna surface granular 
and with seta; @ Anterior margin of bucculae not 


Table 1 
Taxa Scores for the character stales 
1111111111 2222222222 


123456789 0123456789 0123456789 
Cantacader 200000000 — 0001000??0 700007777? 
Agramma 100000000 0000000000 0001000010 
Leptoypha 100000001 0010000000 0000100000 
Derephysia 100102111 2021011110 1010010002 
Caleatus 010112003 2321010110 2010100013 
Lasiacamiha 110003112 — 2010001000 0110100012 
Sphaerista 210114101 — 2010011001 — 2012?1???7 
Elasmotropis 100003112 2011001000 0000101012 





jointed; ©)Bucculae long and narrow; @Hood devel- 
oped; @Pronotum without collar; @Median carina of 
pronotum high, expanded; @) Lateral carinae of 
pronotum high, expanded; WW Paranotum developed; 
(Triangular lobe of pronotum erected or with trans- 
verse groove; (2 Fore wing transparent and obviously 
delimited; Costal area broad or flexed upwards; @ 
Subcostal area inclined; (Erected between subcostal 
and discoidal areas; 48 Vein between subcostal and 
discoidal areas erected; (Vein of cell thick; @Cell 
large: €9Membranous area long and narrow; @Pleura 
of thorax with punctates or small cells, end flexed up- 
wards or dissociated; @)Body surface with pubescence 
or granule; @ Scent gland groove and margin vesti- 
gial; @Femur and tibia tumid; @Posterior lobe of fe- 
male lst gonocoxopodite short; @ Base of paramere 
thick; @$Endosoma with sclerotized structure; @)Mid- 
dle portion of phallotheca with sclerotized structure; 
@Tubular portion of phallus with sclerotized structure; 
@Sensory pits complicated; G)Sensory nodules com- 
plicated; GD Middle portion of paremere broad; @ 
Groove of mesosternum deep, lateral ridge high or de- 
pressed; Groove of metasternum deep, lateral ridge 
high. 

4 Data Matrix 


The scores of 33 characters for 16 genera of Tingi- 
nae from northern China are arranged inio a data matrix 
as shown in Table 1. 


5 Cladistic Analysis and Results 


Cladistic analysis was processed with MacClade 


Data matrix 
Taxa Scores for the character alates 
Dictyonota 211101112 2012011110 0010001001 1000 
Acalypta 210102112 2012001011 0001??????  ?711 
Tingis 100002101 2211101000 OIO0I11012 1111 
Monosteira 100000010 1010011000 0010000112 1100 
Diciyla 100000011 3110011000 1011000112 1100 
Onchochila 100012101 3000000000 1101707772 1011 
Physatecheila 100002101 3011000000 000070211? = 2011 
Cochlochila 100702111 4010110000 0000777727 | ?722 
Catoplatus 100001101 1111100100 010017777? — ??12 


0 = plesiomorphic state; 1 —4 = higher and higher apomorphie states in transformalion series;? = unknown state, 
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The most parsimonious trees get from Branch-and-bounch search, rooted by the outgroup. 
Statistics; L=118, CI 2 0.454, RI 20.529 
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Agramma from northem China could be categorized into following 
z Kaa different groups (we do not like to regard them as high- 

erephysia 
Sphaeria er classific taxa at present time because there are still 
Dictyonota some genera not be included in this analysis). Genus 
puis Agramma. was early recognized as a sister group of an- 
calvpta 
aaron other (node 31) by the character of its specified legs 
Elasmotropis (character 23; 1), it is the most primitive group and 
Tingis called Agramma group. lts primitive characters are with 
Onchochila ll th itudi ; 
Cochlochila collar, without hood, longitudinal carinae of pronotum 
Physatocheila not developed and low, paranotum not developed, en- 
Catoplatus dosoma of phallus and middle portion of phallotheca 
num 
usn without sclerotized structures, sensory pits and nodules 
Camacader simplified (characters 6: 0; 7; 0; 8; 0; 9: 0; 





Fig.2 Cladogram of sixteen genera of Tinginae from north- 
em China, showing Bremer (branch) support by 
decay index. The tree was rooted by outgroup. Sta- 
tistics: L=118, CI 20.454, RI=0.529 


version 3.0.1 (Maddison & Maddison, 1992), PAUP 
version 3.1.1 (Swofford, 1991) and Autodecay ver- 
sion 3.0 (Kallersjo et al., 1992; Bremer, 1994). 
Data matrix was yield based on diagnosis to 33 morpho- 
logical characters and their 88 states of 16 genus of 
Tinginae from northern China, using Cantacader as 
outgroup. The data matrix was input into MacClade and 
then a data file in NEXUS format was formed, in which 
all multistates characters were defined as ordered ones. 
The data file was executed in PAUP successfully and 
then a Branch-and-Bound search for the most parsimo- 
nious trees processed. We got 12 most parsimonious 
trees with tree length 118 (Fig.1). A posterior charac- 
ter weighting process on Cl of Rl was made and 1 most 
parsimonious tree was reached (Tree length = 118, 
consistency index = 0.454, retension index = 0.529). 
Consequently, we measured Bremer (Branch) support 
with AutoDecay and got decay index for all nodes la- 
beled on the cladogram (Fig.2). The synapomorphies 
major nodes and unambiguous character changes were 
traced on the phylogram (Fig.3). The same result was 
obtained when the data matrix processed using Hennig 
86. 


6 Discussion 


From the cladogram, the 16 genera of Tinginae 


10: 0; 26: 0; 27; 0; 29: 0; 30; 0). Leptoypha 
group, which only contains one genus Leptovpha , iso- 
lated consequently by features of no sclerotized struc- 
tures in phallus (character 28: 0) and other synapomo- 
phies possessed by its sister group (node 30), which 
were supported by paranotum developed, vein between 
subcostal and discoidal areas erected, sensory pits 
complicated and with seta between sensory nodules 
(character 10; 1, 16; 1, 29: 2, 30; 1). Genus 
Monosteira and Dictyla were separated into a mono- 
phyletic group (node 29) which we named Dictyla 
group. It is identified by existence of sclerotized struc- 
tures within phallotheca (character 27; 1), middle 
portion of paramere widened (character 31; 1) as well 
as other companied synapomorphies (character 8; 1, 
15: 1, 22: 1). This group seemed to be stable and 
well proved because its appearance in all parsimonious 
trees (see Fig.1). Genus Catoplatus is similar to Co- 
chochila in deep rostral groove and its high lateral cari- 
nae (character 33: 1), but the latter has some more 
synapomorphies with other genera but not Catoplatus . 
So Catoplatus was not included in the monophyletic 
group (node 27) consisting of the remain genera and 
being supported by further specified hood and paran- 
otum (character 6: 2, 10: 2), and it comprises a 
isolated monophyletic Catoplatus group. Genus Elas- 
motropis , Tingis , Onchochila , Cochlochila , Physatoche- 
Ha formed a monophyletic group named Physatochila 
group (node 26). This group was characterized by 


synapomophies of existence of sclerotized structures 
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118, CI 


L 
iacaniha constituted another monophyletic group (node 


22) named Derephysia group which is sister group of 


nodes on the phylogram (listed by node. character number followed by “:” and state changing. The number 


Fig.3 Phylogram of sixteen genus of Tinginae from northern China, showing the synapomorphies supported the major 
af nodes are continued after that of terminal taxa). Statistics: 


within endosoma (character 26:1). Genus Derephysia , 


Sphaerista , Dictyonota , Galeatus , Acalypta and Las- 
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Physatochila group. It is the most advanced group in 
Tinginae. The monophyletic group consisted of Physat- 
ochila group and Derephysia group comprises a sister 
group of Catoplatus group, further these three groups 
comprise a monophyletic sister group to Dictyla group 
in which the genera differs from others by first and sec- 
ond antennal segments specialized into ball-like ( char- 
acter 2: 1), median carina of triangular lobe of 
pronotum leaf-like enlarged (character 8; 1) and lat- 
eral carinae further specified (character 9; 1). The 
phylogenetic relationship among genera and change of 
character states are shown in Fig. 2 and Fig.3. 

This paper, as the base of study on phylogeny of 
Tingidae, aims to provide a frame for further study. 


The results are under check-up and consummation 


through the increasing of the characters and taxa in the 
future. 
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WE. 用 支 序 分 类 的 方法 分 析 了 我 国 北方 网 里 
亚 科 内 16 个 属 间 的 系统 演化 关系 。 在 比较 形态 学 
研究 的 基础 上 选取 该 亚 科 的 33 个 特征 、88 个 特征 
状态 ， 通 过 内 群 和 外 群 比较 的 方法 对 特征 状态 进行 
极 化 ,形成 特征 状态 矩阵 ,分 别 使 用 计算 机 编码 程 
序 PAUP (version 3.1.1) 和 Hennig 86 (version 
1.5) 进行 运算 分 析 ， 得 到 完全 一 致 的 最 简约 树 及 
Nelson 合意 树 CHK L = 118 步 ， 一 致 性 指数 CI = 
0.454， 保 留 指数 RI = 0.529)， 用 以 分 析 亚 科 内 属 
级 分 类 单元 之 间 的 系统 关系 。 结 果 表 明 ， 参 加 分 析 
的 16 个 属 级 分 类 单元 可 归 为 6 个 群 ， 分 别 为 A- 
gramma 群 、Leptoypha 群 、Dictyla BÉ, Catoplatus 
群 、Physatocheila 群 和 Derephysia 群 ，Agramma 群 
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在 所 分 析 的 类 群 中 是 最 为 原始 的 一 群 ， 最 早 由 基部 
分 出 ,与 由 Leptoypha 群 、Dictyla 群 Catoplatus 
群 、Physatocheila 群 和 Derephysia 群 构 成 的 单 系 形 
成 姐妹 群 。Leptoypha 群 也 是 较 早 分 出 的 一 群 ， 与 
由 Dietyla 群 、Catoplatus ff. Physatocheila 群 和 
Derephysia 群 构成 的 单 系 形成 姐妹 群 。Derephysia 群 
为 一 单 系 ， 是 最 为 进化 的 一 群 ， 与 另 一 较 进 化 的 
Physatocheila 群 单 系 构成 1 对 姐妹 群 。 此 两 群 所 构 
成 的 单 系 群 又 与 Catoplatus 群 构成 姐妹 群 ， 形 成 一 
个 单 系 群 ， 继 而 与 Dictyla 群 单 系 构成 姐妹 群 。 用 
AutoDecay (version 3.0) 对 各 分 支点 进行 了 分 支 支 
持 分 析 。 这 些 群 在 更 多 的 属 级 单元 参加 分 析 之 前 暂 
不 划 为 高 一 级 的 分 类 单元 。 


XS. PW; 支 序 分 析 ; 系统 演化 关系 ; 中 国 北 方 


中 图 分 类 号 ，Q969.35+5.1 ”文献 标识 码 : A 


文章 编号 ，0254 - 5853(2001)01 - 0001 - 08 


